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AB The invention concerns a method for the sepn. of a target mol . from a 
mixt. The method employs oil bodies and their assocd. proteins as 
affinity matrixes for the selective, non-covalent 

binding of desired target mols. The oil body proteins may be genetically 

fused to a ligand having specificity for the desired target mol. 

Native oil body proteins can also be used in conjunction with an oil body 

protein specific ligand such as an antibody or an oil body 

binding protein. The method allows the sepn. and recovery of the desired 

target mols. due to the difference in densities between oil bodies and aq. 

solns . 
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AB The invention concerns second harmonic, sum and difference frequency- 
generation and their use to detect a variety of processes, which are 
otherwise undetectable, using nonlinear-active labels. The labels must 
have as high a hyperpolarizability as possible. Several designs for large 
hyperpolarizability second-harmonic active labels are described herein. 
These labels can be attached to any target mol . or particle, resulting in 
more highly nonlinear-optically active targets. 
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AB The development of fibrosis is a common response to a variety of 

injuries and results in the net accumulation of matrix proteins and 
impairment of normal organ function. We previously reported that the 
integrin alphaSbetal is expressed by alveolar interstitial cells in normal 
lung and is upregulated during the development of fibrosis. TGFbetal is an 
important mediator of the inflammatory response in pulmonary fibrosis. 
TGFbetal is secreted as a latent protein that is non- 
covalently associated with latency-associated peptide (LAP) and 
requires activation to exert its effects. LAP-TGFbetal and LAP-TGFbeta3 
contain the tripeptide sequence, arginine-glycine-aspartic acid (RGD) , a 
known integrin recognition motif. The integrin alphaSbetal binds to 
several ligands such as fibronectin and vitronectin through the 
RGD sequence. Recent' reports demonstrate that the integrins alphavbetal, 
alphavbetae and alphavbetaS adhere to LAP-TGFbetal through the RGD site. 
Therefore, we asked whether LAP-TGFbetal might be a ligand for 
alpha8betal and whether this may be important in the development of 
fibrosis. We found that cell lines transfected with alpha8 subunit were 
able to spread on and adhere to recombinant LAP-TGFbetal significantly 




better than mock transfected cell lines. alphaS-transfected cells were 
also able to adhere to LAP-TGFbeta3 significantly better than mock 
transfected cells. Adhesion to LAP-TGFbetal was enhanced by activation of 
alphaSbetal by Mn2+, or 8A2 , an integrin betal activating antibody. 
Furthermore, cell adhesion was abolished when we used a recombinant 
LAP-TGFbetal protein in which the RGD site was mutated to RGB. alphaSbetal 
binding to LAP-TGFbetal increased cell proliferation and phosphorylation 
of FAK and ERK, but did not activate of TGFbetal . These data strongly 
suggest that LAP-TGFbetal is a ligand of alphaSbetal and 

interaction of alphaSbetal with LAP-TGFbetal may influence cell behavior. 
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AB Listeria monocytogenes phage endolysins PlyllS and PlyBOO share a unique 
enzymatic activity and specifically hydrolyse Listeria cells at the 
completion of virus multiplication in order to release progeny 
phage. With the aim of determining the molecular basis for the lytic 
specificity of these enzymes, we have elucidated their domain structure 
and examined the function of their unrelated and unique C-terminal cell 
wall binding domains (CBDs) . Analysis of deletion mutants showed that both 
domains are needed for lytic activity. Fusions of CBDs with green 
fluorescent protein (GPP) demonstrated that the C-terminal 140 amino acids 
of PlySOO and the C-terminal 182 residues of PlyllS are necessary and 
sufficient to direct the murein hydrolases to the bacterial cell wall. 
CBD500 was able to target GFP to the surface of Listeria cells belonging 
to serovar groups 4, 5 and 6, resulting in an even staining of the entire 
cell surface. In contrast, the CBD118 hybrid bound to a ligand 
predominantly present at septal regions and cell poles, but only on cells 
of serovars 1/2, 3 and 7. Non-covalent binding to 
surface carbohydrate ligands occurred in a rapid, 

saturation-dependent manner. We measured 4 x 104 and 8 x 104 binding sites 
for CBD118 and CBD500 respectively. Surface plasmon resonance analysis 
revealed unexpected high molecular affinity constants for the CBD- 
ligand interactions, corresponding to nanomolar affinities. In 
conclusion, we show that the CBDs are responsible for targeting the phage 
endolysins to their substrates and function to confer recognition 
specificity on the proteins. As the CBD sequences contain no repeats and 
lack all known sequence motifs for anchoring of proteins to the bacterial 
cell, we conclude that they use unique structural motifs for specific 
association with the surface of Gram-positive bacteria. 
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A recombinant AB5 B subunit protein including at least one mutation, 

wherein the mutation alters the no. of amino acid residues available for 

chem. modification as compared to a wild type ABS B subunit protein, and 

wherein said recombinant protein retains an effective target 

ligand bind affinity. For example, specifically designed 

mutations are produced in the cholera Toxin B subunit (CTB) such that it 

can still bind with high affinity to its receptor, Gm-1, but can be 

specifically covalently linked at lysines or cysteines to an immunogen or 

vaccine. The vaccine produced from this coupling is a mucosal vaccine 

which has high immunogenicity due to the interaction with the CTB. The 

vaccine can be produced inexpensively and easily. Alternatively, a 

technique is disclosed for treating CTB such that non- 

covalent coupling to a vaccine or immunogen can occur. The 

disclosed CTB can not only be used as vaccine but also as bioactive mol . 

delivery agent. 
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AB Nucleic acid transporter systems for delivery of nucleic acids to a cell 
comprising a binding complex, which binding complex contains a binding 
mol. which non-covalently binds to the nucleic acid 
and covalently links to a surface llgand, nuclear ligand 
and/or a lysis agent, is disclosed. The surface ligand, nuclear 
ligand and/or lysis agent may be linked to the binding mol. by 
spacers such as [NH (CH2CH2 ) nCO] m (n = 1-3, m = 1-20), (CH2CH2SSCH2CH2 ) n (n 
= 1-3), and (C0CH2C (COOH) : CHCONHCH2CH2S) . The binding mol. is spermine or 
a spermine deriv. The surface ligand may be folate. The lysis 
agent is a virus (e.g., adenovirus, parainfluenza virus 
), lytic peptide, or lysis peptide (e.g., listeriolysin) . Thus, a 
transporter system comprising adenovirus -polylysine conjugates was used to 
deliver factor IX-encoding plasmid to hepatocytes for gene therapy of 
hemophilia B. 
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AB One universal microarray is prepd. by fixing different biol . or chem. 

mols . -loading optical fiber or capillary support on the surface of inert 
matrix such as glass or quartz in a square matrix mode, and used for 
prepg. gene chip, immune chip, protein chip, cell chip, receptor chip, 
chem. chip, or material chip. The assemblier is a serial displacers 
mounted on array cartridge in a type composing mode, and consists of 
serial and parallel trains on matrix sheet, a magnet opposite a train, a 
controllable resonant cavity above or below a train, a close track in a 
train, and electrode for magnet in a cartridge. The train consists of a 
serial biol. mols . -loading closets. The closet is used as accessible 
address space for specific aim mol. -loading optical fiber or capillary. A 
wedge-shaped slit with its width slight more than diam. of optical fiber 
or external diam. of capillary and its length slight more than that of 
optical fiber or capillary in a closet is used as fetch channel. The 
scale of closet being vertical to slit is smaller than the length of 
capillary, the plane of train is parallel to gravity direction, the output 
of slit is faced to magnet being parallel to train, and the span between 
slit and magnet is slight more than diam. of optical fiber or external 
diam. of capillary. The close track used for dropping of optical fiber or 
capillary has a gas-inlet at its top and a gas-outlet at its bottom. The 
chip is prepd. by fixing optical fiber or capillary train with gel, 
placing in a array mode, hardening, and cutting and polishing the section 
without aim mols. One detection device for optical signal has high 
signal-to-noise ratio, and is prepd. by jointing microarray and pixel 
array of cooled CCD camera with optical fiber bundle matched to the 
detected microarray in a butt joint mode, and drawing the optical fiber 
bundle out of cooled chamber. The signal amplification technol . in 
microarray detection comprises labeling probe with reporter mol., and 
connecting reporter mol. ligand with signal mol. -loaded 




microparticles . The surface of aim mol. -loaded quartz or glass is 
pretreated by liq. phase/gas phase silylation, silylation, and/or 
non-covalent surface adsorption. The microarray is used 

for gene sequencing, gene expression spectrum anal., gene diagnosis, drug 
precursor screening, material synthesis and optimization, Immunol, 
detection, and bacterial or viral study and diagnosis. 
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AB The selective infective phage (SIP) technology allows a rapid positive 
selection of interacting pairs of biological molecules that restore to 
non-infectious phages their ability to infect the bacterial host. After a 
successful infection, the phage is amplified and the DNA encoding the 
interacting ligand is isolated from the phage genome and 

sequenced. In our studies we have evaluated the usefulness of SIP for the 
identification and cloning of proteins interacting with a biotinylated 
target binding to a newly designed adapter molecule consisting of 
streptavidin fused to the C-terminus of the extracellular domain of the 
phage minor coat protein III. The new adapter was expressed in Escherichia 
coli and refolded from inclusion bodies. The two different domains joined 
within the chimaera were found to be biologically functional. We also 
demonstrated that non-covalent interactions between a 

non-infectious phage displaying a short peptide, which specifically binds 

the streptavidin, and the adapter molecule restore phage infectivity. To 

evaluate the potential of SIP as a general and generic tool for the 

screening of cDNA libraries that encode the ligands displayed at 

the surface of the phage and binding to biotinylated targets, we have 

increased both the size of the displayed ligand on the phage and 

the size of the biotinylated target bound to the streptavidin domain of 

the adapter molecule. In our model systems we show that the size of either 

the ligand or the target is a limiting factor for the 

technology. 
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AB Synergistic compns . are provided which are useful for inactivating 
viruses or inducing apoptosis in tumor cells and for treating 
cancer or retroviral infections. Generally, the compns. comprise one or a 
plurality of ligands that oxidatively attack a zinc finger of 
pADPRT in combination with one or a plurality of agents selected from 
agents that decrease cellular levels of glutathione and ligands 
that non-covalently bind to the nicotinamide site of 
pADPRT but do not effect zinc ejection from a zinc finger of pADPRT. 
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AB A method is described for the sepn. of a target mol . from a mixt. The 

method employs oil bodies and their assocd. proteins as affinity matrixes 

for the selective, non-covalent binding of desired 

target mols . The oil body proteins may be genetically fused to a 

ligand having specificity for the desired target mol. Native oil 

body proteins can also be used in conjunction with an oil body 

protein- specif ic ligand such as an antibody or an oil body 

binding protein. The method allows the sepn. and recovery of the desired 

target mols. due to the difference in densities between oil bodies and aq. 

solns . 
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TI Optical sensor unit and procedure for the ultrasensitive detection of 

chemical or biochemical analytes 
IN Sigrist, Hans; Gao, Hui; Kunz, Rino; Duebendorf er , Juerg 
PA C.S.E.M. Centre Suisse D ' electronique Et De Microtechnique SA, Switz.; 

Prionics AG 
SO Eur. Pat. Appl . , 19 pp. 
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DT Patent 
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IE, SI, LT, LV, FI, RO 
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IE, SI, LT, LV, FI, RO 
US 6346376 Bl 20020212 US 1999-309546 19990511 
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AB This document describes an optical sensor unit and a procedure for the 

specific detection and identification of biomols. at high sensitivity in 
real fluids and tissue homogenates. High detection limits are reached by 
the combination of i) label -free integrated optical detection of mol. 
interactions, ii) the use of specific bioconstituents for sensitive 
detection, and iii) planar optical transducer surfaces appropriately 
engineered for suppression of non-specific binding, internal referencing 
and calibration. Applications include the detection of prion proteins and 
identification of those biomols. which non-covalently 

interact with surface-immobilized prion proteins and are intrinsically 
involved in the cause of prion-related disease. 
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TI Electrospray ionization mass spectrometry for the study of non- 
covalent complexes: An emerging technology. 

AU Pramanik, Birendra N. (1); Bartner, Peter L.; Mirza, Urooj A.; Liu, 
Yan-Hui; Ganguly, Ashit K. 




CS (1) Schering-Plough Res. Inst., 2015 Galloping Hill Rd. , Kenilworth, NJ 
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SO Journal of Mass Spectrometry, (Oct., 1998) Vol. 33, No. 10, pp. 911-920. 

ISSN: 1076-5174. 
DT Article 
LA English 

AB The detection of non-covalent complexes in the mass 

range 19 000-34 000 Da, using electrospray ionization mass spectrometry 
(ESI-MS) , is reviewed. The examples discussed include (1) a protein- 
ligand interaction (ras-GDP) , (2) an inhibitor-protein- 
ligand interaction (SCH 54292/SCH 54341-ras-GDP) , (3) a 

protein-protein interaction (gamma-IFN homodimer) and (4) a protein-metal 
complex (HCV (1-181) -Zn) . In each case, the ESI-MS method is capable of 
releasing the intact non-covalent complex from its 

native solution state into the gas phase in the form of multiply-charge 
ions. The molecular masses of these complexes were determined with a mass 
accuracy of better than 0.01%, which is far superior to the traditional 
methods of sodium dodecyl sulfate polyacrylamide gel electrophoresis and 
gel permeation chromatography. The method provides the researcher with a 
quick, reliable and reproducible method for probing difficult biological 
problems . The key to success in the study of non- 
covalent complexes depends on careful understanding and 
manipulation of ESI source parameters and sample solution conditions; 
special care must be taken with the source orifice potential and the 
solution pH and organic co-solvents must be avoided. This paper also 
illustrates the usefulness of ESI-MS for addressing biological problems 
leading to the discovery of new therapeutics; the approach involves the 
rapid screening of potential drug candidates, such as weakly bound 
inhibitors . 
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TI A phage-based system to select multiple protein-protein interactions 

simultaneously from combinatorial libraries. 
AU Rudert F; Woltering C; Frisch C; Rottenberger C; Hag L L 
CS MorphoSys AG, Martinsried/Munich, Germany., rudert@morphosys.de 
SO FEES LETTERS, (1998 Nov 27) 440 (1-2) 135-40. 
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AB Selectively infective phage (SIP) can be used to identify protein-protein 
interactions. SIP was modified to facilitate the simultaneous selection of 
interacting protein pairs from large combinatorial libraries. An 
interference-resistant phage was constructed which non- 
covalently, but stably links the genetic information of an 
interacting pair, encoded separately on phage and phagemid vectors, by 
co-packaging into heteropolyphages . In a model system, the interaction 
between a SIP-selected peptide and the intracellular domain of the p75 
neurotrophin receptor was detected in the presence of a 10 (4) -fold excess 
of a non-interacting control pair (jun leucine zipper and p75 
intracellular domain) via SIP hetero-polyphage transductants . To minimize 
the redundancy of transductants and to minimize possible ligand 
exchange generated in a solution-based SIP screening, a filter-based in 
situ infectivity screening was developed. The combination of the above 
techniques may provide a powerful system for rapid screening of very large 
sequence spaces . 
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TI A receptor that subserves reovirus binding can inhibit lymphocyte 

proliferation triggered by mitogenic signals. 
AU Saragovi H U; Bhandoola A; Lemercier M M; Akbar G K; Greene M I 
CS Department of Pharmacology and Therapeutics, McGill University, Montreal, 

Quebe c , Canada . 
SO DNA AND CELL BIOLOGY, (1995 Aug) 14 (8) 653-64. 

Journal code: 9004522. ISSN: 1044-5498. 
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AB A novel surface receptor complex involved in inhibition of T-cell 
proliferation is described. Biochemical isolation revealed two non 
-covalently associated proteins of about M(r) 65,000 (p65) and 
95,000 (p95) . These polypeptides may be related. The p65 form is expressed 
after cellular activation and replication and is recognized by monoclonal 
antibody (mAb) 87.92.6 or reovirus hemagglutinin as unnatural 
ligands . The p95 species is associated with tyrosine kinase 
enzymatic activity. Receptor ligation results in rapid alteration of the 
phosphotyrosine content of cellular substrates, and this activity 
correlates with antiproliferative effects. The inhibition of proliferation 
is a time -dependent reversible arrest at the Gl-S phase of the cell cycle. 
Activation through the T-cell receptor, protein kinase C, or addition of 
cytokines does not reverse the antiproliferative effect. This receptor 
complex may define novel features of T-cell proliferation. 
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PI WO 9318759 Al 19930930 WO 1993-US2725 19930319 
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AB A DNA transporter system capable of non-covalently 




binding to DNA and facilitating the insertion of the DNA into a cell is 
described. The DNA transporter system includes a binding complex which 
non-covalently binds the DNA. The binding complex 
includes a mol . that is capable of non-covalently 

binding to the DNA and being covalently linked to a surface ligand 
and to a nuclear ligand. The surface ligand is 
capable of binding to a cell surface receptor and the nuclear 
ligand is capable of recognizing and transporting the transporter 
system through the nuclear membrane. A plurality of these binding 
complexes are attached to the DNA to facilitate the transport of the DNA 
into the cell . Addnl . , a third binding complex which includes a 
virus can also be non-covalently linked to the 

DNA. The virus facilitates the movement of the DNA through the 
cytoplasm and into the nucleus. Also described are a variety of 
structures which can be used as part of the transporter system as well as 
methods of using the transporter system to introduce DNA into cells. A 
modified oligonucleotide designed to target SV40 vectors to specific cell 
and then to the nucleus of the targeted cell was prepd. The 
oligonucleotide, which was linked to an intercalating dye, comprised 
thymine and 5-Me cytosine. Attached via linkers were ligands 
for cell surface receptors and nuclear localization peptides. 
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TI Ncn-covalent complexes of HIV gpl2 0 with CD4 and/or 

mAbs enhance activation of gpl20-specif ic T clones and provide 

intermolecular help for anti-CD4 antibody production 
AU Manca, Fabrizio; Seravalli, Egilde; Valle, Maria Teresa; Fenoglio, 

Daniela; Kunkl, Annalisa; Li Pira, Giuseppina; Zolla-Pazner , Susan; 

Celada, Franco 
CS Dep. Immunol., Univ. Genoa, Genoa, 16132, Italy 
SO International Immunology (1993), 5(9), 1109-17 

CODEN: INIMEN; ISSN: 0 953-8178 
DT Journal 
LA English 

AB The liaison between CD4 and gpl20 that offers the first entry opportunity 
to HIV may also provoke perturbations of the immune control of the host 
with far-reaching immunopathol . consequences. The authors wondered 
whether a mechanism of intermol . help (T help across the gap of a 
non-covalent bond, in contrast to the intramol . help of 
carrier to hapten) could break self -tolerance and be the cause of the 
frequent anti-CD4 autoantibodies found in AIDS patients. To det . whether 
this hypothesis deserves further testing, the authors designed a series o 
in vitro and in vivo expts . of increasing complexity, focused on the 
presentation of gpl20 to specific T cells by antigen presenting cells 
(APC) exposed to the envelope protein in the form of non- 
covalent complexes. Bi-mol. complexes were constructed by 
allowing gpl20 or gpl60 to bind specific human mAbs. Tri-mol. complexes 
were constructed by introducing CD4 as an intermediate ligand 
between gpl20 and mouse mAbs specific for CD4 . In all cases the use of 
complexes did enhance the immunogenic capacity of substimulatory doses of 
gpl2 0 or gpl60 by facilitating uptake by APC via Fc receptor and 
consequent presentation to specific human T cell clones . Help for the 
prodn. in vivo of anti-CD4 antibodies was obtained from T lymphocytes 
specific for gpl20 when CD4 -primed memory B cells were pulsed with CD4 
complexed with gpl2 0, thus demonstrating in the mouse the entire cycle of 
intermol. help via non-covalent interaction. 
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TI The CR2/CD19 complex on human B cells contains the src-family kinase Lyn. 
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CS Department of Clinical Viro- Immunology, Central Laboratory of The 
Netherlands Red Cross Blood Transfusion Service, Amsterdam. 
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AB The complement receptor 2 (CR2 or CD21) can be found in non- 

covalent association with the B lymphocyte specific CD19 complex 
at the surface of mature human B cells. Upon ligation of the B cell 
antigen receptor complex (BCR) , members of the CR2-CD19 complex may 
associate with membrane immunoglobulin (mlg) . Moreover, CD19 and CD21 
ligands, either murine mAb, C3d fragments or Epstein-Barr 
virus, are known to have profound effects on B cell activation. We 
here show that CD19 is tightly linked to the non-receptor src kinase Lyn 
and that the CD19 glycoprotein itself serves as a substrate for a yet 
undefined serine/threonine kinase present within the complex. In the 
process of antigen recognition, mlg and the CR2-CD19 complex may bind 
different sites of a complement -opsonized antigenic particle. We 
hypothesize that in this process, approximation to the BCR allows 
CD19-associated Lyn kinase to phosphorylate potential substrates within 
the antigen-receptor complex, thereby effecting its coupling to the 
intracellular compartment. 
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TI Random mutagenesis of CSF-1 receptor (FMS) reveals multiple sites for 

activating mutations within the extracellular domain. 
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CS Department of Tumor Cell Biology, St Jude Children's Research Hospital, 
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AB Retroviral vectors containing human FMS protooncogene cDNA were 

reconfigured to allow single-step excision and reinsertion of restriction 
fragments encoding short segments of the extracellular domain of the 
colony-stimulating factor 1 receptor (CSF-IR) . Fragments ligated into M13 
bacteriophages were subjected to random chemical mutagenesis on both 
strands and recloned into the parental vector to create libraries of FMS 
genes containing mutations restricted to predefined target cassettes. 
Transfection of retroviral vector libraries into NIH/3T3 cells gave rise 
to transformed foci from which cellular DNA was amplified by the 
polymerase chain reaction (PGR) , using primers flanking the mutagenized 
target sequences. Amplified fragments from individual primary 
transformants were recloned into intact FMS vector plasmids, and those 
with transforming activity were subjected to nucleotide sequence analysis. 
Alternatively, retroviruses rescued from transformed cells by 
superinfection with helper virus were used to generate secondary 




transf ormants containing unique copies of proviral DNA, whose sequences 

were determined after PGR amplification. Novel activating mutations were 

identified within sequences separating the third and fourth 

immunoglobulin-like loops, as well as within non- 

covalently stabilized loop 4 of the CSF-IR extracellular domain. 

Thus, FMS mutations able to convert human CSF-IR to an active oncoprotein 

are not restricted to those previously identified at codon 301. This 

approach should be generally applicable for defining activating mutations 

in related growth factor receptors, including those for platelet-derived 

growth factor and Steel factor (KIT ligand) , in which 

ligand- independent oncoprotein variants have not been identified. 
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TI Redirecting the immune response: ligand-mediated immunogenicity 
AU Shokat, Kevan M. ; Schultz, Peter G. 

CS Dep. Chem. , Univ. California, Berkeley, CA, 94720, USA 

SO Journal of the American Chemical Society (1991), 113(5), 1861-2 
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DT Journal 
LA English 

AB Viruses and other pathogens have evolved a no. of strategies for 

evading recognition by the host immune system. Because the immune 
response involves recognition of naturally occurring constituents of the 
viral or cellular target, it is difficult to alter the ability of a 
pathogen to initiate an immune response. Here is described a new strategy 
for introducing synthetic or natural immunogenic epitopes onto protein 
surfaces, such as viral coat proteins. A ligand that binds 
non-covalently to a conserved site on the protein 

surface is used to deliver an invariant highly immunogenic antigen to the 
protein surface. Two hetero-bif unctional drugs: a CD4 -dinitrobenzene 
conjugate and a biotin-dinitrobenzene conjugate were used to target 
antibodies and complement factor Clq to the AIDS virus envelope 
protein gpl20 and streptavidin, resp. This strategy, ligand 
mediated immunogenicity, suggests that a neutralizing antibody response 
can be generated against any cellular or viral target for which a 
selective ligand is known. 
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TI Conglutinin binds the HIV-1 envelope glycoprotein gp 160 and inhibits its 

interaction with cell membrane CD4 . 
AU Andersen O; Sorensen A M; Svehag S E; Fenouillet E 
CS Department of Medical Microbiology, Odense University, Denmark. 
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AB The highly glycosylated envelope glycoprotein (gp 160) of human 
immunodeficiency virus (HIV) interacts with the CD4 molecule 
present on the membrane of CD4+ cells and is involved in the pathobiology 
of HIV infection. Lectins bind glycoproteins through non- 
covalent interactions with specific hexose residues. The mammalian 
C-type lectin bovine conglutinin was examined for its ability to interact 
with recombinant gpl60 (rgpl60) produced in vaccinia virus 
-infected BHK21 cells. Specific binding of conglutinin to rgpl60 was 



demonstrated by ELISA. The interaction of bovine conglutinin with rgpieo 
was calcium- dependent, which is characteristic of the binding of a C-type 
lectin to its ligand, and the binding was inhibited in a 
dose -dependent manner with N-acetyl-D-glucosamine . Deglycosylation of 
rgplSO abrogated the conglutinin binding. In addition, conglutinin exerted 
a dose -dependent inhibition of the binding of rgpl60 to the CD4 receptor 
on CEM 13 cells, as demonstrated by FACS analyses. These results indicate 
that conglutinin may inhibit the infection with HIV-1 through its 
interaction with the viral envelope glycoprotein. 
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•gtoreq.l enzyme and .gtoreq.l other 
substance (e.g. antibody, antigen, lectin, etc.) which are (non) 
covalently bound to a particle (e.g. polysaccharide, glass, org. 
or inorg. polymer etc.), which has a low or no soly. in H20 and a diam. 
.Itoreq.lOOO .ANG.. The reagent can be used in ELISA or similar enzymic 
techniques (e.g. immunohistochem. studies, immunoblotting, etc.) for detg. 
a cell or a virus or other component in a sample. The present 
method of prepg. the reagent avoids problems assocd. with direct 
conjugation of enzymes to ligands, which results in conjugates 
heterogeneous in size and structure, and possible loss of enzyme activity 
or specificity. Peroxidase and antitransf errin antibody were coupled to 
tresyl-activated silica particles to make a reagent which was used in a 
sandwich-ELISA for detg. human transferrin. 
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AB Three different temperent viruses of the extremely thermophilic 

chemolithoautotrophic archaebacterium, T. tenax, TTVl, TTV2 and TTV3 , each 
contain linear, double -stranded DNA, TTVl and TTV2 of 16 [kilobase] kb, 
TTV3 of 27 kb. They are oblong and each consists of an outer envelope and 
an inner core associated with the DNA. TTVl contains 4 major proteins, an 
envelope of unknown nature and nonprotein material linked to 2 of the 
proteins in a non-covalent manner. The 5 • -ends of the 
DNA are protected by hydrophobic ligands. The viruses 

have neither homologies with each other nor with the host. Lysogens are 
induced upon sulfur depletion during autotrophic growth. Sensitive, 
non-lysogenic cells allow lytic multiplication. 
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AB As an initial assessment of the feasibility of employing the adenovirus 

serotype 3 (Ad3) fiber knob as a locale for introducing a tropism 

-modifying motif, we generated an adenoviral vector 

containing a six-histidine tag genetically fused to the carboxy-terminus 
of the Ad3 fiber knob. The heterologous tag proved to be accessible for 
binding in the context of the virion and, moreover, had rendered the 
modified vector capable of mediating gene transfer through an artificial, 
non-Ad3 receptor. Cancer Gene Therapy (2003) 10, 121-124 
doi : 10 . 103 8/s j -cgt. 7700 543 
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A method of delivering nucleic acids to T lymphocytes, B-, and mast cells 
that uses a virus with a modified coat protein contg. sequences that bind 
to cell-specific receptors is described. Specifically, the coat protein 
contains sequences from the fiber proteins of human adenoviruses 35 or 51 
that are ligands for said binding receptor. Alternatively, the 
vector may be an adenovirus with a capsid of a modified capsid protein 
that contains sequences from a different adenovirus that 
alter the cell tropism of the virus. The 

present invention also relates to a method for transducing a cell, said 
cell selected from the group consisting of T lymphocytes, B cells, and 
mast cells comprising contacting said cells with an adenovirus particle 
comprising a non- adenovirus nucleic acid sequence and a chimeric capsid 
protein comprising amino acid sequence derived from at least two 
adenovirus serotypes, wherein said particle has a greater tropism for said 
cells relative to at least one of the adenovirus serotypes comprising said 
chimeric capsid protein. The present invention further relates to 
transduced cells, arrays of subpopulations of cells, a method for ex vivo 
transduction of a population of cells comprising and a method of 
administering to a human or other mammalian animal subject a population of 
cells genetically modified ex vivo. The present invention further relates 
to a method for identifying the function of a first nucleic acid in 
hematopoietic cells. The preferred vectors are adenoviruses that may have 
other modification to render them replication incompetent or otherwise 
safe. The construction of adenovirus 5 carrying fiber protein domains 
from other human adenovirus serotypes is described. A cloning system for 
the rapid construction of such strains is also described. The 
effectiveness of the different fiber proteins to direct gene delivery to T 
lymphocytes was demonstrated using a green fluorescent protein reporter 
gene. Adenovirus 5 was a poor vector, but replacement of the fiber 
proteins with those from adenovirus 35 or 51 greatly increased the 
efficiency of transf ection. 
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PRAI GB 2000-17720 A 20000719 

AB The present invention describes a modified virus comprising one or more 

non-native polypeptides, which polypeptide comprises one or more framework 
moieties each contg. one or more binding moieties, which polypeptide is 
capable of being expressed in the cytoplasm and nucleus of a mammalian 
host cell in a conformation which is maintained in the absence of a 
ligand for said binding moieties, said conformation allowing said 
binding moieties subsequently to bind with said ligand, and 
which polypeptide is capable of transport through the nuclear membrane, 
wherein said modified virus has an altered 

tropism conferred by said binding moieties and the use of such 
viruses in the therapy, particularly in the treatment of tumors or other 
cancerous cells. Thus a fusion protein consisting of Human adenovirus 5 
fiber protein Al, the trimerization motif of human lung surfactant D and 
human epidermal growth factor was constructed and produced in cell culture 
of Human adenovirus 5 . . 
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AB Fusion proteins of adenovirus coat proteins (hexon, prenton, or fiber) 
with non-viral proteins that can be used to redirect the virus to cell 
types that do not carry the adenovirus receptor CAR are described. The 
fusion protein can direct cell tropism and uptake to such cell types and 
increase the efficiency of virus uptake beyond the basal level of CAR 
receptor-independent uptake. The present invention also provides an 
adenoviral vector that comprises the chimeric adenovirus coat protein, as 
well as methods of constructing and using such a vector. Construction of 
an expression vector for prepn. of chimeric genes for fiber protein fusion 
products is described. A replication incompetent adenoviral vector that 
can be used for delivery of foreign DNA that will recombine with the fiber 
protein vector is also described. The gene for a fiber protein with a 
lysine oligomer at the C-terminus was constructed and adenovirus particles 
contg. the protein were propagated. The virus showed efficient binding to 
receptor-free HS68 cells. The binding could be blocked by anionic 
materials such as chondroitin sulfate and heparin. It could also be 
blocked by enzymes that removed anionic moieties from cell surface 
(heparinase, sialidase) . 
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AB A potentially powerful approach for in vivo gene delivery is to target 
retrovirus to specific cells through interactions between cell surface 
receptors and appropriately modified viral envelope proteins. Previously, 
relatively large (>100 residues) protein ligands to cell surface 
receptors have been inserted at or near the N terminus of 
retroviral envelope proteins . Although viral tropism 
could be altered, the chimeric envelope proteins lacked full 
activity, and coexpression of wild-type envelope was required for 



production of transducing virus. Here we analyze more than 40 derivatives 
of ecotropic Moloney murine leukemia virus (MLV) envelope, containing 
insertions of short RGD-containing peptides, which are ligands 
for integrin receptors. In many cases pseudotyped viruses containing only 
the chimeric envelope protein could transduce human cells. The precise 
location, size, and flanking sequences of the ligand affected 
transduction specificity and efficiency. We conclude that retroviral 
tropism can be rationally reengineered by insertion of short peptide 
ligands and without the need to coexpress wild-type envelope. 
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by a novel class of ligands based on a three-helix bundle 
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AB The use of adenovirus (Ad) as an efficient and versatile vector for in 
vivo tumor therapy requires the modulation of its cellular tropism. We 
previously developed a method to genetically alter the tropism of Ad5 
fibers by replacing the fiber knob domain by an extrinsic trimerization 
motif and a new cellular ligand. However, fibers carrying 
complex ligands such as single-chain antibody fragments did not 
assemble into functional pentons in vitro in the presence of penton base, 
and failed to be rescued into infectious virions because of their 
inability to fold correctly within the cytoplasm of Ad-infected cells. 
Here we show that the coding sequence for a disulfide bond -independent 
three-helix bundle scaffold Z, derived from domain B of Staphylococcal 
protein A and capable of binding to the Fc portion of immunoglobulin (Ig) 
Gl, could be incorporated into modified knobless Ad fiber gene constructs 
with seven shaft repeats. These fiber gene constructs could be rescued 
into viable virions that were demonstrated to enter 293 cells engineered 
for IgG Fc surface expression but not unmodified 293 cells, via a 
mechanism that could be specifically blocked with soluble Fc target 
protein. However, the tropism modified viruses 

showed a slightly impaired cellular entry and a lower infectivity than 
wildtype (WT) virus. In addition, we generated recombinant fibers 
containing an IgA binding Affibody(TM) ligand, derived from 
combinatorial specificity-engineering of the Z domain scaffold. Such fiber 
constructs also showed the expected target specific binding, indicating 
that the affibody protein class is ideally suited for genetic engineering 
of Ad tropism. 
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AB One of the most rapidly advancing areas of gene therapy is vector 

development. For the majority of gene therapy procedures, efficient and 
selective transduction would provide safe and more effective treatments at 
optimal vector doses. Advances in vector targeting strategies have been 
rapid within the field of DNA-based viruses, particularly adenovirus (Ad) 
and more recently adeno-associated virus (AAV) based vectors. Vector 
targeting at the level of virus: cell interaction can be achieved using 
both non-genetic and genetic methodology. Non-genetic approaches typically 
utilise bispecific antibodies that both neutralise wild-type virus tropism 
and provide a new cell binding capacity. For genetic targeting strategies, 
the virus capsid can be engineered to express foreign ligands 
that target selected receptors in the absence or presence of additional 
modification to ablate the virus' natural tropism. This review covers 
technological advances that have led to targeting of Ad and AAV and 
highlights the potential for these 'designer' viruses for future 
gene-based therapeutics. 
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AB Adenoviruses that have a reduced affinity for their endogenous CAR 

(coxsackie/adenovirus) receptor that have mutations affecting a small 

14 -amino acid peptide of the fiber protein are described. These viruses 

can be used to create new adenoviruses with altered 

cell tropisms without a residual tropism from the fiber protein. 

A human adenovirus 5 variant carrying a peptide derived from 

gastrin-releasing peptide in the fiber protein was constructed. The 

infection of 3T3 cells by virus carrying a wild-type fiber could be 

blocked by empty adenovirus heads. However, the virus carrying the 

gastrin-releasing peptide in the fiber was resistant to interference by 

the same mechanism. After inactivation of receptor binding by the fiber, 

it was found that tropism could be altered by incorporating the 

ligand into the hexon protein of the viral head. A series of 

possible substitutions in the the C-terminal domain of the fiber protein 

is described. 
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AB Adenoviruses that have a reduced affinity for their endogenous CAR 

(coxsackie/adenovirus) receptor that have mutations affecting the A and 
layers and AB loop of the protein are described. These viruses can be 
used to create new adenoviruses with altered cell 
tropisms without a residual tropism from the fiber protein. A 
human adenovirus 5 variant carrying a peptide derived from 
gastrin-releasing peptide in the fiber protein was constructed. The 
infection of 3T3 cells by virus carrying a wild-type fiber could be 
blocked by empty adenovirus heads. However, the virus carrying the 
gastrin-releasing peptide in the fiber was resistant to interference by 
the same mechanism. After inactivation of receptor binding by the fiber 
it was found that tropism could be altered by incorporating the 
ligand into the hexon protein of the viral head. 
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AB The present invention relates to new recombinant adenovirus with changed 
tropism. In the adenovirus the native fiber protein, comprising a fiber 
tail, a fiber shaft and a fiber knob including a trimerization motif, has 
been changed in that the native knob contg. the cell binding structure and 
the native trimerization motif has been removed and a new cell-binding 
ligand and an external trimerization motif have been introduced 
into the virus fiber. The invention also relates to the recombinant 
adenovirus for the treatment of human diseases, either in vivo or by in 
vitro methods. Also included is a method for rescuing of recombinant 
adenovirus fibers into the adenovirus genome. 
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AB A major limitation of adenovirus type 5 (AdS) -based gene therapy, the 
inability to target therapeutic genes to selected cell types, is 
attributable to the natural tropism of the virus for the widely expressed 
coxsackievirus-adenovirus receptor (CAR) protein. Modifications of the AdS 
fiber knob domain have been shown to alter the tropism 
of the virus . We have developed a novel system to rapidly 
evaluate the function of modified fiber proteins in their most relevant 
context, the adenoviral capsid. This transient transf ection/inf ection 
system combines transfection of cells with plasmids that express high 
levels of the modified fiber protein and infection with AdS. beta gal. Delta 
F, an E1-, E3-, and fiber-deleted adenoviral vector encoding 
beta-galactosidase . We have used this system to test the adenoviral 
transduction efficiency mediated by a panel of fiber protein mutants that 
were proposed to influence CAR interaction. A series of amino acid 
modifications were incorporated via mutagenesis into the fiber expression 
plasmid, and the resulting fiber proteins were subsequently incorporated 
onto adenoviral particles. Mutations located in the fiber knob AB and CD 
loops demonstrated the greatest reduction in fiber-mediated gene transfer 
in HeLa cells. We also observed effects on transduction efficiency with 
mutations in the FG loop, indicating that the binding site may extend to 
the adjacent monomer in the fiber trimer and in the HI loop. These studies 
support the concept that modification of the fiber knob domain to diminish 
or ablate CAR interaction should result in a detargeted adenoviral vector 



that can be combined simultaneously with novel ligands for the 
development of a systemically administered, targeted adenoviral vector. 
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TI Altering the cell tropism of adenoviral 

vectors by modification or substitution of the receptor-binding domain of 

the fiber and the use of novel receptors 
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AB The present invention provides a means for the propagation of adenovirus 
lacking the native tropism by using genetic methods to modify the fiber 
protein by addn. of a C- terminal tag. The modified virus is then 
propagated in a cell line transfected with a sequence encoding an 
artificial receptor for the C-terminal tag on the modified fiber protein. 
The use of single -chain antibodies and of peptides binding the knob of 
adenovirus 5 in novel receptors is demonstrated. The knob-binding peptide 
was identified by screening of a phage display library with the adenovirus 
knob. Fiber receptor-neg . cells expressing genes for these receptors 
could be infected with adenovirus . Methods for the incorporation of novel 
peptides into the HI loop of the knob protein are described and the 
incorporation of a hexahistidine loop is demonstrated. A single-chain 
antibody to hexahistidine was used to develop a receptor. 
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AB Peptides that bind specifically to different tissue types are identified 
in display libraries for use in the diagnosis of disease or in the 
targeted delivery of drugs (no data) . A com. bacterial display library 
contg. .apprx.10 9 random peptides was incubated with a section of rat 
carotid artery that was recovering from exptl. induced restenosis. Bound 
cells were washed from the tissue, plated and screened again. The binding 
peptides were characterized after five rounds of selection. 
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Mutational analysis of the adeno-associated virus type 2 (AAV2) capsid 
gene and construction of AAV2 vectors with altered tropism. 
Wu, Pei; Xiao, Wu; Conlon, Thomas; Hughes, Jeffrey; Agbandje-McKenna, 
Mavis; Ferkol, Thomas; Flotte, Terence; Muzyczka, Nicholas (1) 
(1) Department of Molecular Genetics and Microbiology, College of 
Medicine, University of Florida, Gainesville, FL, 32610 USA 
Journal of Virology, (September, 2000) Vol. 74, No. 18, pp. 8635-8647. 
print . 

ISSN: 0022-538X. 
Article 
English 
English 

Adeno-associated virus type 2 (AAV2) has proven to be a valuable vector 
for gene therapy. Characterization of the functional domains of the AAV 
capsid proteins can facilitate our understanding of viral tissue tropism, 
immunoreactivity, viral entry, and DNA packaging, all of which are 
important issues for generating improved vectors. To obtain a 
comprehensive genetic map of the AAV capsid gene, we have constructed 93 
mutants at 59 different positions in the AAV capsid gene by site-directed 
mutagenesis. Several types of mutants were studied, including epitope tag 
or ligand insertion mutants, alanine scanning mutants, and 
epitope substitution mutants. Analysis of these mutants revealed eight 
separate phenotypes. Infectious titers of the mutants revealed four 
classes. Class 1 mutants were viable, class 2 mutants were partially 
defective, class 3 mutants were temperature sensitive, and class 4 mutants 
were noninfectious. Further analysis revealed some of the defects in the 
class 2, 3, and 4 mutants. Among the class 4 mutants, a subset completely 
abolished capsid formation. These mutants were located predominantly, but 
not exclusively, in what are likely to be beta-barrel structures in the 
capsid protein VP3 . Two of these mutants were insertions at the N and C 
termini of VP3 , suggesting that both ends of VPS play a role that is 
important for capsid assembly or stability. Several class 2 and 3 mutants 
produced capsids that were unstable during purification of viral 
particles. One mutant, R432A, made only empty capsids, presumably due to a 
defect in packaging viral DNA. Additionally, five mutants were defective 
in heparan binding, a step that is believed to be essential for viral 
entry. These were distributed into two amino acid clusters in what is 
likely to be a cell surface loop in the capsid protein VP3 . The first 
cluster spanned amino acids 509 to 522; the second was between amino acids 
561 and 591. In addition to the heparan binding clusters, hemagglutinin 
epitope tag insertions identified several other regions that were on the 
surface of the capsid. These included insertions at amino acids 1, 34, 
138, 266, 447, 591, and 664. Positions 1 and 138 were the N termini of VPl 
and VP2, respectively; position 34 was exclusively in VPl; the remaining 
surface positions were located in putative loop regions of VP3 . The 
remaining mutants, most of them partially defective, were presumably 
defective in steps of viral entry that were not tested in the preliminary 
screening, including intracellular trafficking, viral uncoating, or 
coreceptor binding. Finally, in vitro experiments showed that insertion of 
the serpin receptor ligand in the N- terminal regions of VPl or 



VP2 can change the tropism of AAV. Our results provide information on AAV 
capsid functional domains and are useful for future design of AAV vectors 
for targeting of specific tissues. 
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AB Human adenovirus (Ad) is extensively used for a variety of gene therapy 

applications. However, the utility of Ad vectors is limited due to the low 
efficiency of Ad-mediated gene transfer to target cells expressing 
marginal levels of the Ad fiber receptor. Therefore, the present 
generation of Ad vectors could potentially be improved by 
modification of Ad tropism to target the virus 

to specific organs and tissues. The fact that coxsackievirus and 
adenovirus receptor (CAR) does not play any role in virus internalization, 
but functions merely as the virus attachment site, suggests that the 
extracellular part of CAR might be utilized to block the receptor 
recognition site on the Ad fiber knob domain. We proposed to design 
bispecific fusion proteins formed by a recombinant soluble form of 
truncated CAR (sCAR) and a targeting ligand. In this study, we 
derived sCAR genetically fused with human epidermal growth factor (EGF) 
and investigated its ability to target Ad infection to the EGF receptor 
(EGFR) overexpressed on cancer cell lines. We have demonstrated that 
sCAR-EGF protein is capable of binding to Ad virions and directing them to 
EGFR, thereby achieving targeted delivery of reporter gene. These results 
show that sCAR-EGF protein possesses the ability to effectively retarget 
Ad via a non-CAR pathway, with enhancement of gene transfer efficiency. 
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entry capacity. 
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AB Adenoviral (Ad) vectors have been widely used in the context of cancer 
gene therapy approaches. Their utility in these contexts, however, has 
frequently been limited by tumor cell resistance to Ad infection. The 
basis of this resistance has been defined recently as resulting from a 
deficiency of the primary adenovirus receptor, coxsackie adenovirus 
receptor. As a means to circumvent this limitation, a variety of 
tropism modification strategies have allowed coxsackie 
adenovirus receptor- independent gene delivery via the Ad vector. 
These advanced generation adenovirus vectors exhibit enhanced infectivity, 
which can allow direct therapeutic gain. Such vectors may allow 
improvements in efficacy in the context of ongoing human clinical gene 
therapy approaches for cancer. 
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AB Targeted vectors provide a number of advantages for systemic and local 

gene delivery strategies. Several groups have investigated the utility of 

using various ligands to alter the tropism 

of adenovirus (Ad) vectors. We have previously demonstrated that 
fibroblast growth factor (FGF) ligands can specifically target 
DNA transfection and Ad transduction through high-affinity FGF receptors 
(FGFRs) . FGFRs are overexpressed in abnormally proliferating tissues, such 
as malignancies. The present studies explore the effects of retargeting 
with FGF2 on the tissue localization pattern and the systemic toxicity of 
Ad in mice. Results of semiquantitative PCR analyses indicate that the 
distribution of FGF2-Ad vector genome sequences after intravenous 
administration in mice is altered. Markedly lower amounts (10- to 20-fold) 
of FGF2-Ad localize to the liver when compared with native Ad. This 
decrease in liver deposition translates into a significant reduction in 
subsequent toxicity as measured by serum transaminases and histopathology 
in mice injected with FGF2-AdHSV- thymidine kinase with and without 
ganciclovir administration. In an intraperitoneal model of ovarian cancer, 
FGF2-Ad generates increased transgene expression in tumor tissue when 
compared with Ad. Taken together, these results indicate that the 
retargeting of Ad with FGF2 results in a more efficient vector system for 
systemic and regional gene therapy applications, with concomitant lower 



levels of systemic toxicity. 
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AB The present invention provides means to modify the 

tropism of recombinant adenoviral vectors using genetic 

methods to alter the adenoviral fiber cell-binding protein while 

maintaining the native trimeric protein biosynthesis profile. The present 

invention further provides means to specifically target particular cell 

types for infection with said recombinant adenoviral vectors. In a 

preferred embodiment, the recombinant adenovirus vector comprises fiber 

replacement proteins composed of the fiber tail domain, a portion of the 

fibritin gene from the bacteriophage T4 , and a ligand domain. 

The vector may also encode a therapeutic gene, such as the herpes simplex 

virus thymidine kinase gene which, along with ganciclovir, can be used to 

specifically kill tumor cells. 
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AB The present invention provides means to modify the 

tropism of recombinant adenoviral vectors using genetic 

methods to alter the adenoviral fiber cell-binding protein. The present 
invention generates an adenovirus with a modified fiber gene such that a 
novel tropism is achieved. This recombinant adenovirus has a fiber gene 
modified in the HI loop domain. 
RE.CNT 5 THERE ARE 5 CITED REFERENCES AVAILABLE FOR THIS RECORD 

ALL CITATIONS AVAILABLE IN THE RE FORMAT 

L25 ANSWER 20 OF 30 CAPLUS COPYRIGHT 2003 ACS 
AN 1999:119734 CAPLUS 
DN 130:178399 

TI Cell-specific ligand-antif iber antibody fusion complexed with 

adenovirus vector to alter adenoviral 

tropism 
IN Curiel, David T. 
PA UAB Research Foundation, USA 
SO U.S. , 41 pp. 

CODEN: USXXAM 
DT Patent 
LA English 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI US 5871727 A 19990216 US 1996-761242 19961206 

PRAI US 1996-761242 19961206 

AB The present invention provides means to modify the 
tropism of recombinant adenoviral vectors by using 
antifiber antibody or antibody fragment fused to a cell-specific 
ligand. The targeted vector may be used to deliver a therapeutic 
gene (such as thymidine kinase) to cancer cells. Thus, an adenovirus 5 
vector contg. the herpes simplex virus thymidine kinase gene was complexed 
with anti-fiber Fab fragment conjugated to folate. When folate 
receptor-expressing KB cells were incubated with this vector complex and 
ganciclovir, 73% cell death was obsd. Inclusion of antibody or folate in 
the incubation medium inhibited this cell killing. Generation of a 
recombinant adenovirus with modified fiber gene using a two-plasmid rescue 
system was also demonstrated. 
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AB A review and discussion with 4 refs. on the research of Romanczuk et al . 
(ibid., 2615-2626) on using peptide ligands binding to airway 
epithelial cells to target adenovirus vectors. The peptides are 
identified using phage display libraries; the peptide is linked to the 
virus by way of a bifunctional polyethylene glycol mol . 
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AB We have displayed insulin-like growth factor I (IGF-I) as an N-terminal 

extension of 4070A (amphotropic) retroviral envelope protein. Western blot 
demonstrated that chimaeric envelope proteins were incorporated into 
retroviral particles. Interaction between the displayed IGF-I and 
cell-surface receptors impaired gene delivery. The magnitude of this 
inhibitory effect was smallest on NIH 3T3 cells, greater on NIH 3T3 cells 
over-expressing insulin receptor, and greatest on NIH 3T3 cells 
over-expressing human type-I IGF receptor. Hence, both the number of 
ligand receptors and their affinity for the displayed 
ligand influenced the level of gene delivery. The inhibitory 
effect was abrogated by cleaving the displayed domain from the underlying 
envelope protein with factor Xa protease, and by the addition of free 
ligand to the infection. Addition of IGF-I or insulin caused a 
dose-dependent increase in titre. Possible mechanisms for 
receptor-mediated inhibition of gene delivery by IGF-displaying vectors 
are discussed, together with the implications of these results for 
practical applications of retroviral display and for understanding the 
mechanism of virus entry. 
Copyright 1999 Academic Press. 
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AB The utility of current generation adenoviral vectors for targeted, 

cell-specific gene delivery is limited by the promiscuous tropism of the 
parent virus. To address this issue, we have developed both genetic and 
immunologic methods to alter viral tropism. Immunologic retargeting has 
been achieved via conjugates comprised of an antifiber knob Fab and a 
targeting moiety consisting of a ligand or antireceptor 
antibody. Gene delivery by this approach has been accomplished via a 
variety of cellular pathways including receptors for folate, FGF, and EGF. 
In addition to cell-specific gene delivery, this strategy has allowed 
enhanced gene delivery to target cells lacking the native adenoviral 
receptor, CAR. Of note, this specific and extended gene delivery allowed 
enhanced survival in murine models of human carcinoma via cancer gene 
therapy. Genetic strategies to alter adenoviral 
tropism have included both fiber modification and fiber 

replacement. In the former, we have identified the HI loop of fiber as a 
propitious locale for introduction of heterologous peptides. Incorporation 
of an RGDC peptide at this locale allowed gene delivery via cellular 
integrins with dramatic efficiency augmentations. As a strategy to achieve 
both new tropism as well as to ablate native tropism, methods have been 
developed to replace the fiber protein with heterologous motif which 
preserves the key trimeric quaternary structure of fiber and allows for 
propagation. Such a fiber-replacement virus has been rescued and has 
demonstrated capacities consistent with its utility as a novel vector 
agent. These strategies have allowed the achievement of cell-specific gene 
delivery via adenoviral vectors and thus have the potential to enhance the 
utility of this vector agent. 
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AB The utility of current recombinant adenovirus vectors for gene therapy- 
applications is improved by designing targeted vectors capable of gene 
delivery to selected cell types in vivo. In order to achieve such 
targeting, incorporation of ligands in the adenoviral fiber 
protein, in which the protein mediates primary binding of adenovirus to 
its cell surface receptor, utilizes the HI loop of the fiber knob as a 
convenient locale for incorporation of heterologous ligands . 
Recombinant fiber proteins expressed in a variety of cells including 
baculovirus- infected insect cells and E. coli to demonstrate that the 
incorporation of the FLAG octapeptide into the HI loop does not ablate 
fiber trimerization and does not disturb formation of the cell -binding 
site localized in the knob. A recombinant adenovirus of the instant 
invention having this modified fiber shows that a short peptide sequence 
engineered in the knob is compatible with the biol. functions of the 
fiber. A peptide incorporated into the knob according to the invention 
remains available for binding in the context of mature virions contg. 
modified fibers. The invention incorporates heterologous ligands 
into the HI loop of the fiber knob and the properties of this locale are 
consistent with its employment in adenovirus re-targeting strategies. 
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AB The present invention relates to gene therapy. In particular, therapeutic 
agents, therapeutic gene products, and compns . are disclosed. Various 




systems and methods useful in targeting and delivering non-native 
nucleotide sequences to specific cells are disclosed, wherein 
virus -antibody- ligand conjugates are used to facilitate 

targeting and delivery. Thus, FAB- fibroblast growth factor 2 conjugates 
are constructed by linking modified recombinant fibroblast growth factor 
(FGF) with the FAB fragment from a blocking monoclonal antibody, 1D6.14, 
which was generated against adenovirus type 5 knob region. FGF2 
retargeting of an adenovirus (i.e., altering the 
tropisin of an adenovirus using a fibroblast growth 

factor) significant enhances targeting efficiency and nuclear trafficking 
of the adenovirus vector well above that seen when the vector retains its 
native adenoviral tropism. In addn., FGF retargeting increases the 
inf ectability of adenovirus in various cells (e.g., cells expressing 
Kaposi's sarcoma) compared to the use of native adenovirus tropism alone, 
even in cell lines hat are resistant to adenovirus infection. The use of 
FGF retargeting vectors enhances potency; FGF-retargeted vectors deliver 
and promote the expression of a therapeutic gene to more target cells and 
in each cell so targeted. The vectors of the present invention are also 
significantly less toxic to the liver and are less immunogenic than are 
other adenovirus vectors. Finally, retargeting the viral vector retarged 
with FGF induces cytotoxicity to specific cell types when therapeutic gene 
sequences (e.g., cytotoxic sequences, such as herpes simplex virus 
thymidine kinase) are delivered. FGF retargeted vectors are thus able to 
transduce cells which are normally insensitive to adenovirus infection. 
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AB Recombinant adenovirus vectors are of great interest in the context of 

cancer gene therapy due to their ability to accomplish efficient in vivo 
gene transfer. Despite this, however, it should be possible to increase 
the efficiency of gene transfer by modifying the tropism 
of adenovirus vectors such that they will bind to receptors 
which are highly expressed on target cancer cells. To achieve this, the 
basic fibroblast growth factor (FGF2) was used as a ligand to 
redirect adenovirus vectors to FGF receptors prevalent on SK0V3.i.p.l 
human ovarian cancer cells. The FGF2 was conjugated to an antibody 
fragment (Fab) , which inhibits adenovirus infection, and the resulting 
Fab-FGF2 conjugate used to specifically redirect an adenovirus vector 
carrying the lucif erase reporter gene (AdCMVLuc) to SK0V3.i.p.l cells in 
vitro. This anal, demonstrated that Fab-FGF2 modified AdCMVLuc achieved a 
level of gene expression that was greater than when adenovirus alone was 
used. More importantly, the Fab-FGF2 conjugate was able to enhance 
significantly the in vivo expression of the lucif erase gene in SK0V3.i.p.l 
tumors implanted i.p. in nude mice. Thus, this work demonstrates that 
adenovirus vectors can be modified to enhance gene transfer in vivo. 
Future studies will det. if the efficacy of therapeutic adenovirus vectors 
can be enhanced using these modifications. 
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AB Recombinant adenovirus (Ad) vectors can accomplish efficient in vivo gene 
transfer and thus are important in the context of a variety of gene 
therapy approaches. The cellular receptor for the Ad fiber knob is 
prevalent on a number of normal tissues which undermines the targeting of 
Ad to specific tumor cells. Therefore, the ablation of native Ad tropism 
and the introduction of novel Ad tropism are both necessary to target Ad 
vectors specifically to tumors. In this study, we have developed a 
flexible method for cross -linking the Fab fragment of a neutralizing 
anti-knob monoclonal antibody (1D6.14) to a cell receptor ligand 
. The cross -linking moieties are complementary low molecular weight 
recognition units, similar in concept to the avidin-biotin system. For 
proof of concept, we cross-linked 1D6.14 Fab to the basic fibroblast 
growth factor (FGF2) . The Fab and FGF2 conjugates were synthesized and 
characterized both structurally and functionally. The conjugates were then 
complexed with an adenovirus vector carrying firefly lucif erase (AdCMVLuc) 
and the resulting complex used to show infection of a number of tumor cell 
lines expressing FGF receptors. This cross-linking system should provide a 
rapid and convenient method of conjugating various ligands to 
the Fab fragment for targeting Ad vectors to different types of tumors. 
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AB In order to realise the full potential of gene therapy as a rational 

approach to the treatment of cancer, it will be necessary to achieve 
delivery of the therapeutic gene selectively to target tumour cells. Such 
cancer cell-specific gene delivery is mandated in the context of 
locoregional or compartmentalised carcinomas, and is also an absolute 
requirement for the treatment of disseminated disease. Moreover, 
underlying any cancer gene therapy approach is the need to achieve a high 
level of efficiency of gene transfer to the target cells. Of the existing 



viral and nonviral gene delivery vehicles, the adenoviral vector uniquely 
tulfils two requirements of an intravenously administered vector for 
cancer gene therapy: systemic stability and the ability to accomplish 
efficient transduction of cancer cells. However, it is necessary to 
modxfy native adenoviral tropism in order to 

achieve selective transduction of target tumour cells. A number of 
strategies have been developed for this purpose, involving genetic or 
immunological modifications to either of two adenoviral capsid proteins 
the fibre and penton base. These strategies are designed to generate a 
^^l^f.' ^"^^^table vector which would represent a major advance in the 
field of cancer gene therapy. 
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We are developing strategies to modify the tropism of 
adenoviral vectors to accomplish targeted transduction of muscle 
cells for DMD gene therapy. In one approach, we have introduced targeting 
ligands into the adenovirus fibre, which mediates the binding of 
SLrfibr-f 1-'° ^""^ ^^^"^"^ cellular receptor. In order to incorporate 
these fibre-ligand fusions into recombinant adenoviral vectors 
we have employed a method based upon homologous DNA recombination between 
a fibre-deleted, propagation-defective rescue plasmid and a shuttle 
?ectoi .rr'^"''^ ^ variant fibre. To date, we have generated an adenoviral 
vector containing chimeric fibres composed of the tail and shaft domains 
of adenovirus serotype 5 and the knob domain of serotype 3 This 
modification altered the receptor recognition profile of the virus 
ora^Jaia^t-^H^ fibre chimera. In an alternative approach to the generation 
pL% ^ ! adenoviral vector, we conjugated folate to the neutralising 
Fab fragment of an anti-fibre monoclonal antibody. This Fab-folate 
conjugate was shown to redirect adenoviral infection of target cells via 
the folate receptor at a high efficiency. These studies suggest that it 
will be possible to achieve our goal of deriving targeted adenoviral 
vectors for muscle cell-specific gene delivery in vivo. 
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AB The utility of adenoviral vectors for gene therapy is currently limited 

due, in part, to the widespread distribution of the cellular receptor for 
the adenovirus fiber that precludes the targeting of specific cell types. 
In order to develop a targeted adenovirus, it is therefore necessary both 
to ablate endogenous viral tropism and to introduce novel tropism. We 
hypothesized that these two goals could be achieved by employing a 
neutralizing anti-fiber antibody, or antibody fragment, chemically 
conjugated to a cell-specific ligand. To test this concept, we 
chose to target the folate receptor, which is overexpressed on the surface 
of a variety of malignant cells. Therefore, we conjugated folate to the 
neutralizing Fab fragment of an anti-fiber monoclonal antibody. This 
Fab- folate conjugate was complexed with an adenoviral vector carrying the 
luciferase reporter gene and was shown to redirect adenoviral infection of 
target cells via the folate receptor at a high efficiency. Furthermore, 
when complexed with an adenoviral vector carrying the gene for herpes 
simplex virus thymidine kinase, the Fab-folate conjugate mediated the 
specific killing of cells that overexpress the folate receptor. This work 
thus represents the first demonstration of the retargeting of a 
recombinant adenoviral vector via a non- adenoviral cellular receptor. 



